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Filte&ank-based modulation system 



The invention relates to a filterbank-based modulation system comprising a 
sender with a Header-processor for processing data and sending processed data to & receiver 
and comprising said receiver with a receiver-processor for receiving and processing said 
processed data, which, sender-processor comprises an invlrse-fast-fotmer-tramfbmaa&ig- 
5 module and a filtering-module and which receiver-processor comprises a fest-foimer- 
Iransformating-modisle. 

The invention also relates to a sender for use in a Slterbank-basedl modulation 
system comprising said sender with a sender-processor for processing data and sending 
processed data to a receiver and comprising said receiver with a receiver-processor for 
10 receiving and processing said processed data, which sender-processor comprises an inverse- 
fast-fourier-teansfbnnatisLg-mjodule and a filtering-module and winch receiver-processor 
comprises a fast^nrier-tramfomiating-module, 

and to a sender-processor for use in a sender for use in a $Jterbank°based 
modulation system comprising said sender with said sender-processor for processing data and 
15 sending processed data to a receiver and comprising said receiver with a receiver-processor 
"~ for receiving and processing said processed data* which sender-processor comprises aa 
inverse-fast-£bttrier»transfos^tm and a filtering-module and which receiver- 

processor comprises a fest-fouder-tramfom^ating-module, 

and to a processor program product to be run via a sender-processor for use in 
20 a sender for use in % filterbank-based modulation system comprising said sender with said 
sender-processor for processing data and sending processed data to a receiver and comprising 
said jreceiver with a receiver-processor for receiving and processing said processed data,, 
. . ... which sender-processor comprises an inverse-^t-foimer-transfoxm^g-modiile and a 
filtering-module and which receiver-processor comprises a fast-fo urier°tra&s formating- 
25 module, 

and to a receiver for use in a filtezbank-based modulation system comprising a 
sender with a sender-processor for processing data and sending processed data to said 
receiver and comprising said receiver with a receiver-processor for receiving and processing 
said processed data, which sender-processor comprises an invarse-&st-fourier- 
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2 09.09.2002 
transform&ting-module and a filtering-module and which receiver-processor comprises a fest- 
foiiriff-lransfonnato 

and to a receiver-processor for use in a receiver for use in a filterbank-based 
modulation system comprising a sender with a sender-processor for processing data and 
5 sending processed data to said receiver and comprising said receiver with a receiver- 
processor for receiving and processing said processed data, which sender-processor 
comprises an inverse-t^-foimer-1^ and a filtering-module and which 

receiver-processor comprises a x^-fourier-transformating-modiile^ 

and to a processor program product to be run via a receiver-processor for use 
10 in a receiver for use in a filterbank-based modulation system comprising a sender with a 
sender-processor for processing data and sending processed data to said receiver and 
comprising said receiver with a receiver-processor for receiving and processing said 
processed data* which sender-processor comprises an inverse-i^t-fonrier-transfermati 
module and a filtering-module and which receiver-processor comprises a fast-foinier- 
15 transfbrmatiTig-modulei 

and to a method for filterbank-based modulation via a sender with a sender- 
processor for processing data and sending processed data to a receiver and via said receiver 
with a receiver-processor for receiving and processing said processed data, which method 
comprises the steps of performing inverse fast fourier transformations and of filtering signals 
20 in said sender and of performing fast fourier transfbnnations in said receiver. 

Such a filterbank-based modulation system for example forms part of a Digital 
Subscriber l ine modem or DSL modem or of a Code Division Multiple Access system or 
CDMA system or of another wireless or wired system etc., with said sender and said receiver 
then each forming part of a transceiver. 
25 A prior art modulation system is known from (he IEEE article "Combined 

OFDM-CDMA configuration for multimedia wireless applications* by Saverio Cacopadi, 
Fabrizio Frescura and Gianluca di Perugia, 1996. This article discloses in its figure 3 a 
modulation system comprising a sender (transmitter in fig. 3a) for processing data and 
sending processed data to a receiver (receiver in fig. 3b) and comprising said receiver for 
30 receiving and processing said processed data, which sender comprises an inv erse-fast-fourier- 
transformating-modole (IFTT) and which receiver comprises a fest-fourier-transfoTiimting- 
module (FFT). For making such a modulation system filterbank-based, a filtering-module is 
introduced in said sender after said IFFT-module. Sender modules generally form part of (are 
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implemented by) a sender-processor and receiver modules generally form part of (are 
implemented by) a receiver-processor. 

The known filterbank-based modulation system is disadvantageous, inter alia, 
due to said filtering-module introducing interference. 

5 

It is an object of the invention, into alias of providing a filteibank-based 
modulation system in which interference caused by said filtering-module is reduced. 

To this end, in the filterbank-based modulation system according to the 
10 invention said sender-processor comprises a coding-module with a further^filtering-module 
in at least one feedback loop, which coding-module is situated before said, inverse-fest- 
fourier-transfonnating-module, with said receiver-processor comprising a decoding-module 
situated after said fast-fomier-transfbrmating-nxodule. 

By introducing in said sender said coding-module with said fiirther-fUtering- 
1 5 module in the at least one feedback loop, and then introducing the corresponding decoding- 
module in said receiver, a kind of pre-equalisation is introduced into said sender, which 
reduces interference caused by said filtering-module. 

The invention is based upon an insight, inter alia, that the transmission channel 
between sender and receiver will disturb any equalisation process in the receiver, and is 
20 based upon a basic idea, inter alia, that at least a part of this equalisation process in the 

receiver can be shifted from receiver to sender. " 

The invention solves the problem, inter alia, of providing an improved 
filteibank-based modulation system, and is advantageous, inter alia, in that the signal-to- 
noise-ratio of the filterbank-based modulation system is increased and that the bit-error-rate 
25 of the filterbank-based modulation system is reduced. 

It should be observed that, where said prior art article is particularly related to 
Orthogonal Frequency Division Multiplexing or OFDM, the filterbank-based modulation 
system according to the invention is generally related to Filtered Multitone Modulation, 
without excluding said OFDM. 
30 A first embodiment of the filterbank-based modulation system according to 

the invention is advantageous in that said sender-processor comprises a splitting-module for 
splitting said data into signal streams and a combining-module for combining signal streams 
into said processed data, with said inverse-fast-fourier-tran^rmating-module and said 
filtering-module and said coding-module with said fUrther-filtering-module in at least one 
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feedback loop being situated between said splitting-module and said combining-module, and 
with said receiver-processor comprising a splitting-module for splitting said processed data 
into signal streams and a combining-module for combining signal streams into further 
processed data, with said fast-fourier-txaBsfomating-tnodiile and said decoding-module 
5 being situated between said splitting-mo dole and said eombining-module. 

Said splitting-modules and said ©ombimng-modiales advantageously iateodnee 
said signal streams ra combination with filtesbanks (with each signal stream corresponding 
with a subcarrier/subband). 

A second embodiment of the filterbaxd^based modulation system according to 
10 the invention is advantageous in that said coding-module comprises a sub-codrag-modu*le per 
signal stream, with said fUteiag-module comprising a $ub-filtering~module per signal eteeam, 
with said further-filtering-module comprising a s^b-fiixther=Sltfidag°modnle per signal 
stream, and with said deeoding-modute comprising a sub-deeodiag-modnle per signal stream. 
Said sub-modules advantageously make the filterbante-based modidatkm 
1 5 system a low complex and easy-to-implement system. 

A tMird embodiment of the iSlteibank^based modulation system according to 
the invention is advantageous in that sai4 sub-flirther°filtermg°modu!es receive input signals 
fiom onsfcputs of said inverse-f^-fourier-tran^orn^^ and supply output signals via 

a &^£burier<»t£ansfonnatmg-module to inputs of said sob°coding»modules via 
20 adding/suAtracting^modules. 

This third embodiment advantageously reduces mterfersnce per signal stream 
(or per subcamer/subband). 

A fourth embodiment of the filterbaob-based modulation system according to 
the invention is advantageous in that said sub-fe&er°filtering-modules receive input signals 
25 fiom outputs of said sub=coding-xnodules and supply output signal to inputs of said sub- 
coding-modules via adding/subtracting-modules- 

This fifth embodiment advantageously reduces interference per signal stream 
. . (or per subcaraer/subband) as well as between signal streams (or between 

subcamers/subbands) and introduces a so-called fractionally spaced filterbank-based 
30 modulation system. 

It should be observed that ihe teem "situated" does not necessarily define a 
"location*' limitedly but merely defines an order in which the modules take action. Further, 
the tesm "signal streams" does not necessarily define "parallel signals" or "serial signals" 
limitedly but merely defines that the date is splitted into several signals which are processed 
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partly individually and partly in combination and which are then combined into processed 
dflta. 

Embodiments of the sender according to the invention, of the sender-processor 
according to the invention, of the processor program product according to the invention to be 
5 run via the sender-processor, of the receiver according to the invention, of the receiver- 
processor according to the invention, of the processor program product according to the 
invention to be run via the receiver-processor and of the method according to the invention 
correspond with the embodiments of the fllteibank-based modulation system according to the 
invention* 

10 These and other aspects of the invention will be apparent from and elucidated 

with reference to the embodiments(s) described hereinafter. 



Figure 1 illustrates in block diagram form a filterbank-based modulation 
15 system according to the invention, 

figure 2 illustrates in block diagram form a sender-processor according to the 
invention as defined by the third embodiment, 

figure 3 illustrates in block diagram form a sender-processor according to the 
invention as defined by the fourth embodiment, and 
20 figure 4 illustrates in block diagram form a receiver-processor according to the 

invention. 



The filterbank-based modulation system shown in figure 1 comprises a sender 
25 1 and a receiver 2. Sender 1 comprises from input to output an encoder 10, a mapper 11, a 
modulator 12 and a frontend 13. Receiver 2 comprises from input to output a ftonlend 14, an 
equalizer 15, a dsmapper 16 and a decoder 17, with frontend 14 being further coupled to a 
synchroniser 18 and with equalizer 15 being further coupled to a estimator 19. 

Modulator 12 for example comprises a sender-processor 20 as shown in figure 
30 2. This sender-processor 20 comprises a splitting-module 21 having an input for receiving 
data from mapper 11 and having 1,2,.., .,a outputs each coupled via an adding/subtracting- 
module to inputs of sub-coding-modules 224,22-2,,.,.,22-a. Outputs of these sub-coding- 
modules 22-l,22-2,....,22-a are coupled to inputs of an inverse-fesl^fourier-transfonnating- 
modnle 23, of which outputs are coupled to inputs of sub-filtering-modules 24-l,24-2,.... 9 24-a 
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and to inputs of sub-fUrther-filtering-moduIes 26-l,26-2.,....,26-a. Outputs of sub-filtering- 
modules 24-1,24-2,,.. . 5 24-a are coupled to inputs of a combining modulo 25 having an output 
for generating processed data to bo supplied to frontend 13. Outputs of sub-further-filtering- 
modules 26-1,26-2,. ...,26-a are coupled to inputs of a fast-fourier-ttansformating-module 27* 

5 of which outputs ate coupled to said adding/subtracting-modules (whether these 

adding/subtracting-modules add or subtract depends upon the output signals of said fast- 
fourier-txansfonuating-module 27 being not-inverted or inverted). 

Sub-coding-modules 224 3 22-2 > ._ > 22-a and sub-furthejvflltering-modules 26- 
1,26-2,.. „>26-a together form a coding-module 22 with a fiuther-filtering-module 26 in at 

1 0 least one feedback loop. Coding-module 22, filtering-module 24 and further-filtering-module 

. 26 respectively comprise a sub-coding-module 22-1,22-2 ,22-a, a spb-filtering-module 24- 

1,24-2,.^,24-a and a sub-further-filtering-module 26-l,26-2,.,..,26-a respectively per signal 
stream, with splitting-module 21 splitting said data into signal streams and with said 
combining-module 25 combining said signal streams into said processed data. 

IS Alternatively, modulator 12 for example comprises a sender-processor 30 as 

shown in figure 3. This sender-processor 30 comprises a splitting-module 3 1 having an input 
for receiving data from mapper 1 1 and having 1 ,2,. .„ ,b outputs each coupled via an 
adding/subtracting-module to inputs of sub-coding-modules 32-l,32-2,....,32"b. Outputs of 
these sub-coding-modules 32-l,32-2 v ...,32-b are coupled to inputs of sub-fbsther-filtering- 

20 modules 36-i,36-2,....,36-b and to inputs of an mverse-fast-fourirc-tr^ 

33, of whibh'OUlputrarecoiqjled toinputsof sub-filtering-modules 34-l>34-2,.v.,v34-b. 
Outputs of sub-filtering-modules 34-l,34-2,....*34~b are coupled to inputs of a combining 
module 35 having an output for generating processed data to be supplied to frontend 13. 
Outputs of sub-fiuther-filtering-modules 36-1,36-2,,.,.,36-b are coupled to said 

25 adding/subtracting-modules (whether these adding/subtracting-modules add or subtract 
depends upon the output signals of said sub-fiirfher-filtering-modules 36-l,36-2,... ai 36-b 
being not-inverted or inverted). 

Sub-coding-modules 32-1,32-2,.. ..,32-b and sub-further-filtering-modules 36- 
l,36-2,.*.„36-b together form a coding-module 32 with a further-filtering-module 36 in at 

30 leagt one feedback loop (in this case b feedback loops). Coding-module 32, filtering-module 
34 and further-filtering-modnle 36 respectively comprise a sub-coding-module 32-1,32- 
2,.~»,32-b, a sub-fittering-module 34~l,34-2 v „. : ,34-b and a sub-further-filtering-module 36- 
1,36-2, 36-b respectively per signal stream, with splitting-module 3 1 splitting said data 
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7 09.095002 
into signal streams and with said combining-module 35 combining said signal streams into 
said processed data. 

Equalizer IS for example comprises a receiver-processor 40 as shown in figure 
4, This receiver-processor 40 comprises a splitting-module 41 having an input for receiving 
S processed data from frontend 14 and having l»2,....,c outputs each coupled to inputs of sub- 
filtering-modules 42-l,42-l,.~.,42-c. Outputs of these sub-filtering-modules 42-l,42-2,,... 9 42- 
c axe coupled to inputs of a fast-fourier-transfbrmating-inodule 43, of which outputs are 
coupled to inputs of sub-decoding-modules 44-l,44-2,.... F 44-a Outputs of sub-decoding- 
modules 44-l,44-2,..n 1 44-c are coupled to mputs of a combining module 45 having an output 

1 0 for generating further processed data to be supplied to demapper 16. 

Filtering-module 42 and decoding-module 44 respectively comprise a sub- 
filtering-module 42-l,42»2,.~.,42-c and a sub-decoding-module 44-1,44-2,.,.,.,44-c 
respectively per signal stream, with splitting-module 41 splitting said processed data into 
signal streams and with said oombining-module 45 combining said signal streams into said 

15 further processed data. 

In the fiiterbaak-based modulation system according to the invention, 
filtering-modules 2434 are filterbanks, in which, generally, the filtering-modules 24-1,24- 
2,. , „,24-a,34-l ,34-2,.. ..,34-b are interpolating filters which are for example equally-spaced 
fteqttency-shifted versions of a prototype filter defined by h <m> = heP™** -with y being equal to 

20 a (filtering-module 24) or b (filtering-module 34). These filterbanks are based upon 

omlticamer transmission. The spectrum is divided into subbands and signal streams are 
transmitted on each subband. The purpose of the interpolating filters is the allocation of each 
signal stream into a specific subband, thus selecting the portion of the spectrum which is used 
for that particular signal stream. Since each subband has a smaller bandwidth than the overall 

25 available bandwidth, the data of high-rate symbols (rate 1/1) at the input of the modulator is 
divided into a set of y parallel low-rate signal streams (rate 1/yT), and each signal stream is 
then modulated by an interpolating filter h (m) . After the ideal interpolation by y the spectrum 
of signals exhibits y replicas of the original signal. The filter h** selects only one of the 
replicas. 

30 Splitting-modules 21,31,42 receive input sequences of samples s(0), s(l), 

s(2). M ., s(y-l), s(y), s(y+l), s(yH2)....s(2y-l), s(2y), s(2yf-l)™ and generate sequences of 
blocks [s(0), s(l)...s(y-l)], [s(y), s(yf l)...s(2y-l)]; [s(2y), s(2y+l), f , s(3y-l)].„. Each block 
contains y samples of the input sequence. Combining-modules 2535,45 receive input 
sequences of blocks [s(0), s(l)....s(y-l)]; [s(y) 9 s(y+l)....s(2y-i)3, [s(2y), s(2yH),...s(3y-l)].M. 
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and generate sequences of samples s(0), s(l), s(2)„..s(y-l), s(y), s(y+l), s(y+2)„..s(2y-l), 
s(2y), s(2y+l).... 

Codisg-modules 22,32 perform a modulo division by N and generate complex 
numbers (rr+j ri) 9 in case of the symbols being complex numbers (p + jq) with p s»d q = -N, 
5 -N+l, - 0 S 1, ... N, and with fee real and imaginary part of the input symbol z bemg written 
as Ztoi 5= ki o 2N + ri and z\^j^my ~ & ° 2N + r& respectively, where kj and h are Integers 
and -N ^7, r^< N (half open interval). 

Fwrtber-filtering-modale 26 in the sender-processor 20 and filtering-module 42 
in the receiver-processor 40 (when in combination with sender-processor 20) are for example * 
10 designed in accordance with the Thomlinson-Harashima design 

Fm&er-filtering-modnle 36 in the sendee-processor 30 is for example de$igoed_ , 
in accordance with the following. Assuming a Sat transmission channel per subdhasnel, the 
overall system is a cascade of an IFFT, a filtesbank with asa impulse response qj/ m) — (to^ 

*g (TT0 )kWithk- 1,2 «Nq-l D and a FFT. To derive a relation between dT^i) and djfr:\ an 

15 average subciiassnel total impi^e response is defined as qic « i/Mo 2? (from m=0 to m^M°l) 
ofqjc (n °=l/Mo S (&™ mN) to w=M- 1 o f) E(Sxsmn=0 ton=N r l of) & (m) hfe-n^ with k ^ 
0, 1 ,2. . . . . .Nq-S and N q " N B + Nu - 1 - Assuming the filter yield a delay A, bk = -qje* A with k - 

0,1 . . .-Nv-1 and Nb " Nq - A. This bk defines ferther-fiStering-modnle 36. 

Filtering=modttle 42 in the receiver-processor 40 (when in combination with 
20 seader-processor 30) is then for example desired by solving the following, rh^™ 5 * 4- & (ta) 
4-ro £(fiomx*=0toF=M-l of) {g r (H °o S(fiomfc=0tol^N(rl o^WV^l/M^ E-> 
(fiom p=0 to p=M-l of) g^ 5 [ E (from k^Atok^ N r 1 of) bJ%J^ + h^W w) °] } = 0, 
with r being the average signal-to-noise^ratio, and a° indicating the complex conjugate of a. 
The g^ } defines filtering-module 42, 
"25 " Decoding»modi3e44~(when in combination with sender-processor 20 or 30) is 

for example designed in the form of an equalizing decoder or a Viterbi decoder. 

Sender-Processors 20 and 30 and receiver processor 40 are for example Digital 
Sigaal Processors, However, other kinds of processors are not to be excluded, like for 
example processing circuits comprising gate circuits, latch circuits, multiplexers, 
30 demultiplexers, clock generators for clocking at least one of said circuits etc. 

Bach module and/or each part of the system can be 100% hardware, 100% 
software or a mixture of both. The feet that one or more inputs and/or one or mar© outputs of 
a module are coupled to one or more inputs and/or one or more outputs of another module 
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and/or to another part of the system may imply a 100% software coupling, a 100% hardware 
coupling or a mixture of both, 

In view of the foregoing it mil be evident to a person skilled in the art that 
various modifications may be made within the spirit and the scope of the invention as 
5 hereinafter defined by the appended claims and that die invention is thus not limited to the 
examples provided. The word "comprising" does not exclude the presence of other elements 
or steps than those listed in a claim, "a" or "an" does not exclude a plurality, and a single 
processor or other unit may fulfill the functions of several means recited in the claims, 

* e • * 
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CLAIMS: 



1 . Filterbank-based modulation system comprising a sender with a sender- 
processor for processing data and sending processed data to a receiver and comprising said 
receiver with a receiver-processor for receiving and processing said processed data, which 
sender-processor comprises an inverse~fast-fouripr-fr^ and a filtering- 

5 module and which receiver-processor comprises a l^-foimer-traiisfonnaiing-module, said 
sender-processor comprising a coding-module with a fiirther-filtering-module in at least one 
feedback loop, which coding-module is situated before said inverse-fest-fburier- 
txansfoimating-modxile, with said receiver-processor comprising a decoding-module situated 
after said ^-fourier-tramformating-module- 

10 

2. Filterbank-based modulation system according to claim 1, wherein said 
sender-processor comprises a splitting-module for splitting said data into signal streams and a 
combining-module for combining signal streams into said processed data, with said inverse- 
fa^t-fourier-tranafarrnating-inodule and said filtering-module and said coding-module with 

1 5 said furtber-^tering-module in at least one feedback loop being situated between said 

splitting-module and said ccmibining-module, and with said receiver-processor comprising a 
splitting-module for splitting said processed data into signal streams and a combining-module 
for combining signal streams into further processed data, with said fast-fburier- 
transformating-module and said decoding-module being situated between said splitting- 

20 module and said combining-module. 



3. Filterbank-based modulation system according to claim 2, wherein said 
coding-module comprises a sub-ooding-module per signal stream, with said filtering-module 
comprising a sub-filtering-module per signal stream, with said fiirfher-filtering-module ■ * 

25 comprising a sub-ftnther-filtering-module per signal stream, and with said decoding-module 
comprising a sub-decoding-modnle per signal stream. 

4. Filterbank-based modulation system according to claim 3, wherein said suV 
further-filtering'modulcs receive input signals from outputs of said inverse-fast-fourier- 
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lyansfbimating-module and supply outpuS signals via a ^-fora^traasfomiati^-module to 
inputs of said sub-codiag-modules via adding/subtFactmg-modules. 

5. Filterbaak-based modulation system according to claim 3, said suMitrfhey- 

5 iUtering-modnles receive input signals fiom outputs of said sub-eoding-moduSea and supply 
Ol&tput signal to inputs of said siib-eoding-modules via adding/subteactmg-modiiles, 

6 Q Sender for use m a fillterbank-based snodiilation system comprising said sender 

with a sender-processor c ibr processing data and sending processed data to a receiver and 

10 comprising said receiver with a receiver-processor for receiving and processing said 
processed data* which seader-processoir comprises an mverse^fasi-foj^ 
module and a filtering-module and wMefa receiver-processor comprises a fest-foimer- 
transformatmg-module,, said sender-processor comprising a coding-module with a further- 
filtering-module in at least one feedback loop, which coding-module is situated before said 

15 inverae-fest-fourier^ 

7. Sender-processor for use in a sender for use in a filterbank-basedl modulation 
system comprising said sender with said sender-processes for processing data and sending 
processed data to a receiver and comprising said receiver with a receiver-processor for 

20 receiving and processing said processed data, winch sender-processor comprises an inverse- 

fast-fourier-transfomiating-modisile and a filtering-module and which receiver-processor- 
•*» ....... ... ... . . % " . . 

comprises a fast-fourier-tra^fomiMr^-modiiSe, said sender-processor comprising a codings 

module with a fhr$her-filternig°modnle in at least one feedback loop, which coding-module is 

situated before said inverse-^t-fourier-traasfemiating-module, 

25 

8. Processor program product to be run via a sender-processor for use in a sender 
for mse in a fUterbank-based modulation system comprising said sender with said sender- 
processor for processing data and sending processed data to a receiver and comprising said 
receiver wiUa a receiver-processor for receiving and processing said processed data, which 

30 sender-processor comprises an mverse-fest-frtmer-traii^ and a filtering- 

module and which receiver-processor comprises a fast-foimer-transformating-module» said 
sender-processor comprising a coding-module with a Amher-filtering-module in at least one 
feedback loop, which coding-module is situated before said inve^e-£^~fourier- 
transfbttnatmg°module. 
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9. Receiver for use in & filterbarik-based modulation system comprising a sender 

with a sender-processor for processing data and sending processed data to said receiver and 
comprising said receiver with a receiver-processor for receiving and processing said 
5 processed dafia, which sender-processor comprises an mverse^fast-fomer-tmnsfomiatisag- 
module and a filtering-module and which receiver-processor comprises a fest-fburie?- 
transfbmiating-inodule, said receiver-processor comprising a decoding-modnle situated after 
said ^t-fonri^trans&mating-modnle. 

10 10. Receiver-processor for use in a receiver for use in a fiftesbank-based 

modula&on system comprising a sender with a sender-processor for processing data and 
sending processed data to said receiver and comprising said receiver with a receiver- 
processor for receiving and processing said processed data, which sender«p?ocessor 
comprises an mverse-f^foime^trassfo^ and a filtering-module and wMcfe 

1 5 receiver-processor comprises a f^t-foimer^traasfoimatirig^module, said receiver-processor 
comprising a decoding-module situated after said fi^&Meg^transfiamiattng-modttla 

1 1 . Processor program product to be mm via. a receiver-processor for usse in & 

receiver for use in a filterbaofc-based modulation system comprising a sender wi& a sender- 

20 processor for processing data and sending processed data to said receiver and comprising said 
receiver with a receiwr-piocessor for receiving and processing said processed data, which 
sender-processor comprises an inverse-fast-fouri^ and a fUtering- 

modnle and which receiver-processor comprises a f^-foim^-traiisfomiating-modiile, said 
receiver-processor comprising a decoding-modnle situated after said fast-fourier- 

25 transformating-modalep 



12, Method for filtexbank-based modulation via a sender with a sender-processor 

for processing data and sending processed data to a receiver and via said receiver with a 
receiver-processor for receiving and processing said processed data, which method comprises 
30 the steps of performing inverse fast fourier transformations and of filtering signals in said 
sender and of performing fast fonrier transformations in said receiver, said method 
comprising the steps of coding signals and of further filtering signals in at least one feedback 
loop in said sender, which coding is performed before said inverse fast fourier 
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transformations, and of decoding signals in said receiver, which decoding is performed after 
said fast fourier transformation. 
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ABSTRACT: 



Filteibank-based modulation systems comprise sender-processors (20,30) with 
inverse-i^t~foiiri^ (23,33) and filtering-modules (24,34) and 

comprise receiver-processors (40) with f^t-foxuier-transfonimting-inodules (43). 
Interference caused by said filtering-modules (24,34) is reduced by, in said sender-processors 
5 (20,30), introducing coding-modules (22,32) with furfher-£Utermg-mod^les (26,36) in 

feedback loops, and by, in said receiver-processors (40), introducing decoding-modules (44). 
Splitting-modules (21,31,41) and combining-modnles (25,35,45) allow the use of signal - 
streams and parallel filterbanks. Coding-modules (22 resp. 32) comprise sub-coding-modules 
(22-1,22-2,.,.,,22-a or 32-1, 32-2,.. ..,32-b), filtering-modules (24 resp. 34) comprise sub- 

10 filtering-modules (24-l,24-2,.... s 24-a or 34-1,34-2, 34-b), further-filtering-modules (26 

resp. 36) comprise sub-fbrfher-filtering-xnodules (2^l,26-2,....,26-a or 36-l,36-2,....,36-b), 
and decoding-modules (44) comprise sub-decoding-modules (44-l,44-2,....,44-c), all per 
signal stream. The sub-furfher-filtering-modules either receive input signals from outputs of 
said inverse-fest-fourier-transfoimattog-modules and supply output signals via fest-founer- 

15 trans&rmating-modules to inputs of said sub-coding-modules via adding/subtracting- 
modules for reducing interference per signal stream (or per subcarrier/subband), or receive 
input signals from outputs of said sub-^coding-modules and supply output signal to inputs, of 
said sub-coding-modules via adding/subtracting-modules for reducing interference per signal 
stream (or per subcamet/subband) as well as between signal streams (or between 

20 subcarriers/subbands) and introducing so-called fractionally spaced filterbank-based 

modulation-systems- _ — 

Figure3 
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FIG.4 
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